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ABSTRACT 
This paper presents the results of a research project aimed at providing standard circular 
web openings to the popular precast pretensioned inverted T-beam. Opening diameter and 
placement and required materials strengths were investigated. In this paper, the non-linear 
analysis, interaction diagram and deflection response surface plot of simply supported 
pretensioned inverted T-beam with circular web openings are presented. Two design 
parameters are varied that is: opening location and numbers of openings. The results from 
non-linear finite element analysis were substantiated by test results from five pretensioned 
inverted T-beams with web opening and one solid beam. Good agreement is shown 
between the theoretical and the experimental results. The effect of openings on the 
behaviour of such beams at different stages of loading are presented. The test results 
obtained from this investigation show that the performance of the specimens with web 
openings was almost identical to that of the specimen without web openings. An algorithm 
which is written to plot interaction diagram for estimating the cracking load is proposed. 
Deflection response surface plots using general factorial design are also presented. 
 
 
KEYWORDS 
Interaction diagram; Inverted T-beam; Prestressed concrete; Response surface; Web 
opening 
 
 
REFERENCES 
1. Abdalla, H., Kennedy, J.B. 
Design of prestressed concrete beams with openings 
(1995) Journal of Structural Engineering (United States), 121 (5), pp. 890-898. 
 
2. Barney, George B., Corley, W.Gene, Hanson, John M., Parmelee, Richard A. 
Behavior and design of prestressed concrete beams with large web openings. 
(1977) J Prestressed Concr Inst, 22 (6), pp. 32-61. 
 
3. Chu, X.-T., Nietzert, T. 
Experimental and numerical modelling of interfacial behaviour between galvanised 
steel and aerated concrete. 
(2007) International Journal of Modelling, Identification and Control, 2 (3), pp. 208-218.  
 
 
4. Dinakaran, V., Sastry, M.K.L.N. 
Behaviour of post-tensioned prestressed concrete t-beams with large web openings. 
(1984) Indian Concrete Journal, 58 (2), pp. 34-38, 55. 
 
5. Mansur, M.A. 
Ultimate strength design of beams with large openings. 
(1988) International Journal of Structures, 8 (2), pp. 107-125. 
 
 
 
 
 
 
 
 
 
